Introduction
Palestinian areas cultivated with olive trees account for more than 80 of the agricultural land surface, meaning about 76,000 hectares 1 . Olive cultivation represents a pivotal contribution to the social and economical wellbeing of Palestinians. Olive harvest account for about the 12 of the total national agricultural output, reaching the 20 in the West Bank, and represents about 4.6 of the Palestinian gross domestic product 2 . The main olive productive areas are located in the western and northern West Bank. The areas of largest groves are Jenin with a total olive cultivated surface of 17,974 ha, Nablus 18,373 ha , Tulkarem 11,863 ha and Ramallah 14,832 ha 3 .
Due to the ancient origin of olive cultivation in the region 4, 5 , the Palestinian olive germplasm is characterized by a high level of diversity. Nevertheless, no successful experiences exist nowadays in establishing a complete database of the Palestinian olive germplasm based on molecular markers 6 nor on physic-chemical oil features. A description of the oil quality, phenols and sterols composition and of sensory profile is still lacking even for the most economi-istics of the main Palestinian cultivars throughout in situ evaluation, in order to state if, in local growth conditions, International Olive Council IOC trade standards can be achieved by the tested cultivars and highlight potential critical points.
EXPERIMENTAL PROCEDURES

Plant material, fruit collection and oil extraction
The study was carried out in 2010 and covered four districts of the north-western West Bank: Tulkarem, Qalqilya, Nablus and Jenin Table 1 . Meteorological data for each location were recorded from the nearest weather stations of the General Department of Meteorology Ministry of Transport and the comparison with 5-year mean 2008-2012 showed lower precipitations for each district in 2010. Lower average temperatures in the same period were also recorded with differences from the 5-year mean ranging from 3.5 to 0.6 depending on the location. The average temperatures from September to November 2010 were lower than the 5-year mean for all locations except for Nablus where similar values were recorded. The daily average minimum and maximum temperatures of the year in the study area were 4.0 and 29.0 , respectively and total rainfall was 412.3 mm Table 1 .
The main four varieties of the region were included in the study: Nabali Baladi, Nabali Mohassan, Souri and K18 synonym of cv. Barnea . One to three trees per variety were selected from private farms or experimental germplasm collections on each of the 5 different villages included in the study and located one in the Qalqilya, Nablus and Jenin and two in the Tulkarem districts Table 1 . 10 Kg of hand-picked and healthy fruits from each tree were collected before reaching the pigmentation index 4 according to Beltran et al. 7 . One oil sample per tree, meaning at least 5 oil samples for each variety, was extracted using a laboratory scale hammer mill Oliomio, Toscana Enologica Mori, Tavernelle Val di Pesa, Italy . After 30 minutes of malaxation at room temperature the oil was separated by centrifugation in the same operative conditions. Then the oil was filtered and stored using dark green glass bottles without head space, in the dark at 8 until analysis maximum two months . 
Total polyphenol content
The total polyphenol content of the oils was determined according to the Folin-Ciocalteu method. Briefly, total polyphenols were extracted from 5 g of olive oil by mixing with 5 mL of a methanol/water solution 70/30; v/v and vortex shaking for 5 min. Extracts was separated by centrifugation for 10 min. The supernatant was collected in another tube and the second extraction was performed with a methanol/water solution. For each extract, an aliquot of 200 µL was added to 1 mL distilled water in spectrophotometric cuvettes, and then 200 µL of Folin-Ciocalteu reagent was added. The solution was mixed and allowed to equilibrate. After 2 min, 1 mL of a 10 w/v sodium carbonate solution was added. The mixture was shaken at 25 for 15 min. Then, the absorbance was measured at 740 nm using a UV-Visible spectrophotometer Helios Alpha, UNICAM UV-Visible Spectrometry, Cambridge, UK . The total polyphenols content was expressed as mg of gallic acid kg 1 of oil 10 .
Fatty acid composition
The fatty acid composition was expressed as percentage and the determination was performed in accordance with the European Official Methods 9 . A gas chromatograph Thermo Scientific-TRACE GC Ultra equipped with a capillary column Supelco SP TM -2340; 30 m 0.25 mm i.d.
0.20 µm film thickness and a flame ionization detector FID was used. Column flow rate was 0.8 mL min 1 . Injector and detector temperatures were held at 230 and 290 , respectively. The following oven temperature program was employed: initial temperature 140 held for 1 min; ramped at 5 min 1 up to 230 , held for 5 min. The injection volume was 1 µL and a split injection mode 1/100 ratio was used.
Sterol content and composition
The determination of sterols was performed according to the ECC 2568/9 8 and the subsequent amendments 9 using a gas chromatograph Thermo Scientific-TRACE GC Ultra equipped with a capillary column Supelco-SPB ® -5; 30 m 0.25 mm i.d. 0.25 µm film thickness , a split injector 1/75 ratio and FID detector. Column flow rate was 1 mL min 1 .
Injector and detector temperatures were held at 300 . The oven temperature program was isothermal at 265 . The injection volume was 1 µL. Sterol content and composition was expressed as mg kg 1 of oil and as percentage, respectively.
Sensory pro le
Sensory analysis of the oil samples was performed by the official ASSAM Agenzia Servizi Settore Agroalimentare delle Marche, Ancona, Italy panel accredited by the International Olive Council COI/T.28/Doc no 3/Rev. 7 11/2003 . One sample of 15 mL derived from one to three different trees on each location was tasted in a normalized cup at 28 2 for a total of at least 5 replicates for cultivar. The descriptive analysis used a six-point intensity ordinal rating scale from 0 no perception to 5 extreme to quantify the intensity of different olfactory olive fruit, green fruity, apple, green tomato, artichoke, almond, aromatic herbs sensory bitterness, pungency and sweetness and negative rancid, fusty/muddy, winey, metallic, wet wood and musty-humid attributes.
Results were expressed as the median intensity of the sensory perceptions of the tasters and the organoleptic profile of each cultivar was created and expressed by showing the intensity of the main positive attributes according to the official procedure 8, 11 .
Data analysis
All data referring to oil characteristics were tested for normality using the Sharpio-Wilk test and subjected to one-way ANOVA to highlight differences among cultivars. Significant values of the ANOVA were followed by a Tukey LSD test α 0.05 for cultivars means separation. Statistical analysis was performed using JMP.9 SAS Institute Inc., Cary, NC .
Oil characteristics of the studied Palestinian olive cultivars were discussed according to Muzzalupo 12 
Fatty acid composition
All varieties produced oil with high content of palmitic and relatively low oleic acid As reported in several studies 20 22 high temperatures during oil accumulation period, and especially from stone hardening until the beginning of turning colour, reduce oleic acid and increase linoleic and palmitic acid content. The average temperatures recorded from September to November in this study ranged from 20.2 to 22.7 and exceeded the average values of most locations suitable for olive cultivation 23 .
Registered values for oleic, palmitic, linoleic and linolenic acids for the cultivar Nabali Baladi confirm the results reported by Abu-Reidah et al. 18 . 
Sterol content and composition
The total sterol content in the oils of all the varieties was higher than the 1,000, minimum limit for the EVOO, and ranged from 1,291 to 1,942 mg kg 1 oil Table 4 . In the oils of all varieties the registered values of cholesterol, brassicasterol, campesterol, stigmasterol, apparent β-sitosterol i . e . β -s i t o s t e r o l Δ -5 -a v e n a s t e r o l Δ -5 -2 3 -stigmastadienol clerosterol sitostanol Δ-5-24-stigmastadienol and erythrodiol uvaol were included in the range allowed by the IOC standards for EVOO classification. The main critical point was represented by Δ-7-stigmastenol values that were generally high for all tested varieties and exceeded the EVOO limit of 0.5 as indicated by the IOC-TS in Nabali Baladi and Souri. The limit for Δ-7-stigmastenol parameter has been fixed to detect adulterations mixture with other vegetable oils , but some varieties, in specific climatic conditions, can naturally show relatively high amounts. Abu-Reidah et al. 18 also reported values higher than 0.5 for this parameter in Nabali virgin olive oils from Nablus, Salfit, Qalqilya and Jenin provinces of the northern West Bank in the 2007 harvest. As well, Chehade et al. 24 informed about values slightly exceeding 0.5 for Souri cultivar and exceeding 1.0 for Baladi cultivar in Lebanon. Arbequina exceeded the limit allowed by the IOC TS for several sterols included Δ-7-stigmastenol in a study on the adaptability to Argentinian climate 25 the sensory profile of the oils of the five tested Palestinian cultivars showed a low green fruity olfactory profile and a medium-intense olive fruit sensation Table 5 . Light tomato perception was recorded in Nabali Mohassan and K18 and artichoke perception mainly in Nabali Baladi. Bitter intensity ranged from 1.7 to 3.7 and pungent from 2.1 to 3.3. Considering the EC Reg. n. 182/2009, Nabali Baladi and Souri were classified as light bitter and pungent oils median of the two attributes 3 , whereas Nabali Mohassan as light bitter and medium pungent oil median of the two attributes 3 and included between 3 and 6, respectively and K18 as medium bitter and light pungent oil median of the two attributes included between 3 and 6 and 3, respectively . Such results are consistent with polyphenols content registered for the tested cultivars and confirm the strict relationship between bitter sensations and phenols content 33 . 
CONCLUSION
The results presented in this study contribute to the characterization of the oil composition and quality of the main Palestinian olive germplasm.
A general good quality for both physic-chemical and organoleptic characteristics was registered for the oil of these varieties making them highly appreciable on the local and international market.
These results represent a baseline reference for the Palestinian territories northern West Bank and can be used for further characterization of the local varieties. Moreover, the establishment of a national olive germplasm collection is advisable in order to deepen the knowledge about the Palestinian olive cultivars and to set a mother trees field for the propagation of certified plants for the design of new orchards. 
